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A'METHOD FDR PREPARING STYRENE AND MAI£IMIDE COPOLYMER USING 

SUPER CRITICAL FUXCD 
* »• 

Technical Field 

5 The present invention relates to a method for preparing 

copolyraers of styrene and maleimide. More particularly, the 
present invention relates to a method for preparing 
copolyraers of styrene and inaleiniide . by imidization of 
copolymers of styrene and maleic anhydride using a 
10 supercritical fluid - 

Background Art: 

In general, in order to iroprove heat resistance, 
thermal stability and processability of copolymers of styrene 

15 and maleimide, it is necessary to control maleimide content 
in the copolymers. However, it is difficult to control 
maleimide content of the said copolymers by polymerization 
methods known in the art up to now. 

Meanwhile/ it is possible to control maleic anhydride 

20 content in copolymers of styrene and maleic anhydride. 
Therefore / copolymers of styrene and maleimide having 
controlled maleimide content can be obtained by using a 
method for imidization of maleic anhydride in copolymers of 
styrene and maleic anhydride. A reactive extrusion method is 

25 known in the art for imidizing copolymers of styrene and 
maleic anhydride, continuously and economically, by adding an 
imidizing agent to the copolymers of styrene and maleic 
anhydride without using an organic solvent. 

However, such conventional reactive extrusion method 

30 performs imidization at a high teitperature, and thus have 
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disadvantages that thermal decomposition of the copolymers 
may occur during the imidization and optical properties of 
copolymers of styrene and maleimide produced by the methods 
may be deteriorated. Also, such conventional methods have an 
5 additional disadvantage that an imidizing agent introduced to 
perform the imidization is present in a gas state inside of a 
high-temperature extruder, so that it is not mixed with high- 
viscosity copolymers of styrene and maleic anhydride 
uniformly / thereby causing local imidization and reducing the 
10 imidization ratio. 

Japanese Laid-Open Patent No. Hei 6-56921 discloses a 
method for imidization of copolymers of styrene and maleic 
anhydride in an extruder, corrqprising the steps of: providing 
maleic anhydride copolymers and introducing amines to the 
15 copolymers in a high-teicperature and high-pressure blending 
zone in order to perform imidization; and removing side- 
products and unreacted materials having a low molecular 
weight under a reduced pressure. Although copolymers of 
styrene and maleimide obtained by the said method have 
20 excellent heat resistance and high -temperature stability, the 
copolymers are liable to be colored and to experience reverse 
imidization because they are formed at a high temperature. 

European Laid-Open Patent No. 0 728 767 discloses a 
method for imidization of copolymers of styrene and maleic 
25 anhydride in an extruder. The method suggests use of a 
catalyst for reducing a processing temperature so as to 
overcome the above-mentioned problem in the method disclosed 
in Japanese Laid-Open Patent No. Hei 6-56921. However, 
copolymers of styrene and maleimide obtained by the method 
30 contain the catalyst, which adversely affects properties of 
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the copolymers. 

Vermeesch, et al., suggested a method for preparing 
copolymers of styrene and maleiitiide from copolymers of 
styrene and maleic anhydride in twin screw extruder by one 
5 step introducing an alkylamine into the extioider with no 
catalyst and solvent. According to the said method, as the 
number of alkyl groups increases, glass transition 
temperatxire of styrene-maleijtiide copolymer decreases. From 
this, it can be seen that therraal properties of styrene- 
10 maleimide copolymers obtained by the said method depend on 
the imidizing agent used therein. See J, Appl. Poly. Sci. 53, 
1365 (1994) . 

Meanwhile, a supercritical fluid is a fluid that causes 
a great amount of change in its properties continuously from 
15 the gas state to the liquid state, when the pressure is 
slightly changed near the critical point, and has properties 
of both a liquid and a gas. Recently, supercritical fluids 
have been applying to various technologies, including 
polymerization of polymers, introduction of functional groups 
20 into polymers, extraction and blending. 

For example, as a method of chemical modification of 
polymers using supercritical fluids, there is a method for 
chemical imidization of a Langmuir-Blodgett (LB) film 
coitprising polyamic acid n-octadecyl amine salt with a 
25 mixture of acetic anhydride and pyridine, in the presence of 
supercritical carbon dioxide as a solvent, instead of an 
organic solvent. The said method was reported that it 
significantly reduced the reaction time and facilitated the 
removal of reactants from a reactor, compared to a 
30 conventional imidization method using benzene as a solvent. 
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See Colloids and Surfaces h._ 198-200, 527 (2002) . 

However, the above-mentioned supercritical fluid 
technology is applied to a batch reactor, and thus it is not 
effective with regard to productivity and cost. Until now, 
5 supercritical fluids have never been used for a method for 
imidization of copolymers of styrene and maleic anhydride in 
a continuous-mode extruder. 

Disclosure of the Inventd.on 

10 We have found that when an imidizing agent in a 

supercritical state, an ijnidizing agent with supercritical 
carbon dioxide, or an imidizing agent in a supercritical 
state with supercritical carbon dioxide is/are used in a 
process for preparing copolymers of styrene and maleimide by 
15 imidization of copolymers of styrene and maleic anhydride, it 
is possible to reduce a viscosity in a blending step coitpared 
to a reactive extrusion method for imidizing copolymers of 
styrene and maleic anhydride. By virtue of the said viscosity 
reduction, it is possible to perform extrusion without any 
20 load applied to an extruder even at a relatively low 
temperature, thereby preventing thermal decomposition of 
polymers caused by heats generated from a blending step 
performed at a high teitperature or at a high viscosity. 
Additionally, we have found that an imidizing agent in a gas 
25 state tends to occupy the upper part of an extruder barrel, 
so that it is hardly blended with styrene and maleic 
anhydride having a high viscosity. On the other hand, 
imidizing agent in a supercritical state is blended well with 
styrene and maleic anhydride as a whole, and thus imidization 
30 may occur uniformly and sufficiently. Also, due to the low 
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viscosity, imidizing agent or carbon dioxide residues and by- 
products diffuse from copolymers of styrene and maLeiitu.de at 
a high speed so as to remove them with ease, and thus it is 
possible to produce copolymers of styrene and maleimide 
5 having excellent optical properties, thermal properties and 
mechanical properties. The present invention is based on 
these findings. 

Therefore r it is an object of the present invention to 
provide a method for imidization-extrusion of copolymers of 
10 styrene and maleic anhydride using a supercritical fluid. 

According to an aspect of the present invention, there 
is provided a method for imidization-extrusion of copolymers 
of styrene and maleic anhydride, cortprising the steps of: (1) 
blending copolymers of styrene and maleic anhydride with an 
15 imidizing agent in a supercritical state; and (2) removing 
residual amines and by-products. By virtue of the method, 
copolymers of styrene and maleiitiide can be prepared. 

Copolymers of styrene and maleic anhydride that may be 
used in the present invention are represented by the 
20 following structural formula 1: 
[Formula 1] 




Copolymers of styrene and maleimide that may be 
prepared by the method of the present invention are 
25 represented by the following structural formula 2: 
[Formula 2] 



5 



wo 2004/101636 PCT/KR2004/001090 




The tereperature and the pressure at which point an 
imidizing agent transforms into a supercritical state vary 
according to the kind of the imdizing agent. Particularly, it 
5 is difficult to transform an imidizing agent having a high 
melting point into a supercritical state. Therefore, when it 
is not possible to transform an imidizing agent into a 
supercritical state, or when residual amines remained after 
reaction are not removed efficiently, supercritical carbon 
10 dioxide may be utilized. When an imidizing agent is blended 
with copolymers of styrene and maleic anhydride, 
supercritical carbon dioxide (Tc=31.05°C, Pc=1070.4 psi) is 
blended with them, so that imidization of copolymers of 
styrene and maleic anhydride may be performed uniformly at a 
15 low viscosity and a low temperature, and residual amines and 
by-products may be removed efficiently. 

Therefore, according to another aspect of the present 
invention, there is provided a method for imidization- 
extrusion of copolymers of styrene and maleic anhydride, 
20 comprising the steps of: (1) blending copolymers of styrene 
and maleic anhydride with an imidizing agent and 
supercritical carbon dioxide; and (2) removing residual 
amines and by-products. 

Further, according to still another aspect of the 
25 present invention, there is provided a method for 
imidization-extrusion of copolymers of styrene and maleic 
anhydride, comprising the steps of: (1) blending copolymers 
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of styrene and maleic anhydride with an imidizing agent in a 
supercritical state and supercritical carbon dioxide; and (2) 
removing residual amines and by-products. 

In the method of the present invention, the said 
5 imidizing agent in a supercritical state may be prepared by 
injecting an imidizing agent into a blending zone having 
conditions vmder which the imidizing agent can be transformed 
into a supercritical state. Also, supercritical carbon 
dioxide may be prepared by injecting carbon dioxide into a 
10 blending zone having conditions under which carbon dioxide 
can be transformed into a supercritical state. 

Conpared to a batch process using a closed system, an 
extrusion process using an open system must have a 
pressurizing zone, in which molten resins form a barrier 
15 inhibiting the transfer of reactants and pressurization is 
performed under a pressure greater than the supercritical 
pressure of the imidizing agent or that of carbon dioxide, so 
that the imidizing agent or carbon dioxide may be used in a 
supercritical state. The pressurizing method may include 
20 selection of adequate screw combinations or barrel designs, 
and increasing viscosity of molten resins. 

The imidizing agent may be injected into a blending 
zone by using a high-pressure syringe pun^j, wherein the 
injection is preferably performed under a pressure of 700- 
25 2,000 psi. Additionally, the amount of the imidizing agent is 
preferably 0.8-2 moles per mol of maleic anhydride in 
copolymers of styrene and maleic anhydride. In order to 
facilitate the blending of the imidizing agent in a 
supercritical state with copolymer charges, screw combination 
30 may be disposed in a position at which point the imidizing 
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agent is injected. 

When an imidizing agent cannot transform into a 
supercritical fluid in itself, carbon dioxide may be injected 
into an extruder by using a high-pressure syringe pump. In 
5 this case, carbon dioxide is preferably injected under a 
pressure ranged from 2,000 psi to 7,000 psi, and the amount 
of carbon dioxide is preferably 12-30 wt% based on the weight 
of copolymers of styrene and maleic anhydride injected to the 
extruder. Screw combination disposed in the position at which 
10 point carbon dioxide is injected cause carbon dioxide to act 
as a supercritical medium, and facilitate the blending of 
copolymer charges with the imidizing agent. 

If the temperature in the blending zone is so low as to 
provide an excessively high viscosity of copolymer charges, 
15 the imidizing agent in a supercritical state or supercritical 
carbon dioxide cannot be blended well with copolymer charges, 
imidization reaction cannot be performed uniformly, and thus 
imidization efficiency decreases, even though the blending 
zone has conditions under which the imidizing agent or carbon 
20 dioxide transforms into a supercritical state. On the other 
hand, if the temperature in the blending zone is too high, 
thermal decoit5)osition of copolymer charges and reverse 
imidization may be generated, and thus imidization efficiency 
decreases- Preferably, the temperature in the blending zone 

25 ranges from 150°C to 320°C. 

The pressure in the blending zone has to be controlled 
so that an imidizing agent or carbon dioxide may be present 
in a supercritical state. When an imidizing agent in a 
supercritical state is used, the pressure in the blending 

30 zone is preferably 700 psi or more. When supercritical carbon 
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dioxide is used, the pressure in the blending zone is 
preferably 1100 psi or more, Additionally, when an excessive 
amount of carbon dioxide is introduced into the blending 
zone, it is difficult to remove residual carbon dioxide 
5 ccxnpleteiy in the step for removing by-products, and thus a 
part of residual carbon dioxide, which is not completely 
removed, remains in an extruded strand to form a vacant 
space. Therefore, the pressiire in the blending zone is 
preferably 2,000 psi or less. 
10 According to the present invention, because retention 

time of resins in an extruder is short, it is preferable that 
the temperature is increased to the maximum temperature of 
. 300 "C or higher, after passing out of the blending zone, for 
the purpose of causing coitqplete and prompt imidization of 
15 materials, which are not imidized and present in an amide 
intermediate stage. 

The blending step for imidizing copolymers of styrene 
and maleic anhydride in an extruder by using a supercritical 
fluid is preferably performed ' under a shear rate ranged from 
20 10 rpm to 600 rpm. If the shear rate is too low, poor 
blending and poor imidization may occur, and a pressure in 
the blending zone is not sufficiently increased and thus the 
imidizing agent or carbon dioxide may not transform into a 
supercritical state. If the shear rate is too high, local 
25 shear heat-emission may generate in the blending zone and 
thus the molecular weight of the copolymers may decrease. 
Additionally, retention time of raw materials in the extruder 
may become short and thus imidization cannot occur 
sufficiently. 

30 According to the present invention, retention time of 
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raw materials in the extruder preferably ranges from 30 
seconds to 10 minutes. If the retention time is too short, it 
is difficult to perform imidization. On the other hand, if 
the retention time is too long, copolymers may oxidize and 
5 decoitpose at a high temperature, thereby reducing the 
molecular weight and production efficiency. 

After passing out of the blending zone of the extruder, 
in which imidization is accomplished^ residual amines and by- 
products are removed. These by-products may generate 
10 discoloration of resins and adversely affect the surface of a 
molded product. The said removing step can be carried out by 
using a depressurization device. More particularly, a vent to 
which a depressurization device is attached may be used to 
remove residual amines and by-products, 
15 In the method of the present invention, a step for 

adding a dehydration catalyst may be performed after step (1) 
as described above so as to perform chemical imidization at a 
low temperature. However^ when a dehydration catalyst is 
used, this catalyst must be removed in the depressurization 
20 step. Dehydration catalysts that may be used include mixtures 
of acetic anhydride and trialkylamine. 

The method according to the present invention may be 
performed in a single screw extruder or a twin screw 
extruder . 

25 Preferably, copolymers of styrene and maleic anhydride 

used as an imide precursor in step (1) comprise 5-50 wt% of 
maleic anhydride monomer and 95-50 wt% of styrene monomer. 

In order to obtain a supercritical state in an 
extruder, it is preferable that molten resins protect the 

30 imidizing agent or carbon dioxide from escaping from the 
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front part or the rear part of the reaction zone. 
Particularly^ if the molecular weight of the imide precursor 
is too low, the imidizing agent or carbon dioxide .may escape^, 
because the viscosity of resins is too low. In this case, 
5 even though imidization may occur, the resultant copolymers 
have a low molecular weight and poor mechanical properties. 
On the other hand, if the molecular weight of the imide 
precursor is too high, the imide precursor may not be blended 
well with the imidizing agent, because it has a high 
10 viscosity. Also^ the imide precursor is difficult to be 
processed due to a heavy load on the extruder. Additionally, 
it is preferable that the imide precursor has an adequate 
molecular weight distribution so that products having 
excellent mechanical properties may be obtained, and that 
15 glass transition tettperature is determined by considering 
application range of a wide range of resins. Preferably, the 
imide precursor, i.e., copolymers of styrene and maieic 
anhydride has a weight average molecular weight of 5,000 to 
300,000, a molecular weight distribution (ratio of a weight 
20 average molecular weight /a number average molecular weight) 
of 2.0-4.0, and a glass transition temperature of 110-160 °C. 

These copolymers of styrene and maieic anhydride may be 
present in a powder, flake or pellet state. 

The imidizing agent used in step (1) is a compound, 
25 which is reactive to an acid anhydride moiety of maieic 
anhydride, thereby transforming the anhydride moiety into an 
imide bond- Jtomonia or primary amines may be used as an 
imidizing agent. Primary amines include aliphatic primary 
amines and primary amines having aromatic groups. 
30 The particular examples for aliphatic primary amines 
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may include a C1-C18 alkyl amine or alkene amine such as 
methylamine,- ethylandne, .etheneaiuine, allylamine, n- 
propylamine, isopropylamine, n-butylamine^ isobutylamine, 
see-but ylamine, t-butylamine pentylamine , hexylamine, 2- 
5 ethylhexylamine, cyclohexylamine, hepthylamine octylaitiine^ 
nonylaitiine, decylamine, dodecyl amine hexadecylamine and 
stearylamine; a (C1-C4) alkoxy {C1-C4) alkylamine such as 
methoxypropyl amine, ethoxypropyl amine, methoxybutyl amine 
and ethoxybutyl amine, or the like. 
10 Additionally, primary amines having aromatic groups may 

include an aniline derivative^ a naphthyl amine derivative, a 
benzyl amine derivative, or the like. For example, o-ethyl 
aniline, p-ethyl aniline, m-ethyl aniline, o-propyl aniline, 
p-propyl aniline, m-propyl aniline, o-isopropyi aniline, p- 
15 isopropyl aniline, m-isopropyl aniline, o-n-butyl aniline, p- 
n-butyl aniline, ra-n-butyl aniline, o-isobutyl aniline, p- 
isobutyl aniline, m-isobutyl aniline, o-t-butyl aniline, p-t- 
butyl aniline, m-t-butyl aniline, o-pentyl aniline, p-pentyl 
aniline, m-pentyl aniline, o-isopentyl aniline, p-isopentyl 
20 aniline, m-isopentyl aniline, o-s-pentyl aniline, p-s-pentyl 
aniline, m-s-pentyl aniline, o-t-pentyl aniline, p-t-pentyl 
aniline, m-t-pentyl aniline, 2, 4~xylidine, 2, 6-xylidine, 2,3- 
xylidine, 2-methyl-4-t-butyl aniline, 2, 4-di-t-butyl aniline, 
2,4, 6-trimethyl aniline, 2^ 4, 5-trimethyl aniline, 2,3,4- 
25 trimethyl aniline, 2, 6-dimethyl-4-t-butyl aniine, 2,4,6-tri- 
t-butylaniline; a halogen aniline, such as o-chloroaniline, 
p-chloroaniline, m-chloroaniline, o-bromoaniline, p- 
brcmoaniline, m-bromoaniline, o-fluoroaniline, p- 

f luoroaniline, m-f luoroaniline, 2, 4-dichloroaniline, 2 , 6- 
30 dichloroaniline, 2 , 3-dichloroaniline, 2 , 4-dibromoaniline, 
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2 , S-dibromoaniline^ 2 , 3-cLLbroTaoaniline, 2 , 4-ciif luoroaniine , 

1, 3-difluoroaniline, 2,4,6- 
2, 4, 5-trichloroaniline^ 2,3,4- 
2,4, 6-tribroraoaniline, 2,4,5- 
2,3, 4-tribromoaniline, 2,4,6- 
2,. 4 , 5~trif luoroaniline, 2,3,4- 
trifluoroaniline, etc-; o-toluidine, p-touidine, m-toluidine , 
4-nitro-2-toluidine^ o-methoxyaniline, p-methoxyaniline , m- 
methoxyaniline, o-ethoxyaniline, p-ethoxyaniline, m- 
10 ethoxyaniiine, o-propoxyaniline, p-propoxy aniline, m- 
propoxyaniline, alpha-naphthyl amine^ beta-naphthyl amine, o- 
biphenyl amine, p-biphenyl amine, m-biphenyl amine, 4- 
ethoxyanilne phenylethyl amine, o-methylbenzyl amine, p- 
methylbenzyl amine, m-methylbenzyl amine, p-chlorobenzyl 
15 amine, dimethoxyphenylethyl amine, glycine, 3- 

aminoacetophenone , 2-aminoanthraquinone , p-aminobenzo ic acid, 
2-amino-4 , 6-dimethylpyridine, 3-aininophthalimide , 2- 

aminopyrimidine, 2-aminopyridine, 2-aminothiazole, 5- 
aminotetrazole, alanine, etc. may be used. 

20 

Best: Mode for Carirying Out the Invention 

Reference will now be made in detail to the preferred 
embodiments of the present invention. It is to be understood 
that the following exaitples are illustrative only and the 
25 present invention is not limited thereto. 
EXAMPLE 1 

Styrene/raaleic anhydride copolymer having a weight 
average molecular weight of 180,000, maleic anhydride content 
of 14 wt%, a molecular weight distribution of 2.5 and a glass 
30 transition teitperature (Tg) of 135*'C was continuously supplied 



2, 6-dif luoroaniline, 
trichloroaniline, 
trichloroaniline, 
5 tribromoaniline; 
trif luoroaniline. 
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to a feeding inlet of a co-rotating intermeshing twin screw 
extruder at the rate of 2 kg/h. Then, isopropyl amine as an 
imidizing agent was introduced into a barrel inlet of a 
blending zone in a ratio of 1-2 moles per mole of maleic 
5 anhydride. Screws were combined so as to set the barrel 
temperature and pressure in the blending zone to 220°C and 800 
psi, respectively, so that isopropyl amine may be present in 
a supercritical state (Tc= 199»C, Tp= 659 psi) in the blending 
zone. Additionally, the temperature in a zone next to the 
10 blending zone was increased to SOO^C in order to complete 
thermal imidization . Further, unreacted isopropyl amine, 
moistures produced from the imidization and other by-products 
having a low molecular weight were removed from a vent of the 
barrel equipped with a depressurization device. Screw 
15 rotation speed was 250 rpm. Molten resins were extruded from 
a nozzle in the form of a strand, cooled in a water bath, cut 
by a cutter and then pelletized. Quantitative elemental 
■ analysis of the resultant styrene/maleimide copolymer showed 
that' the imidization ratio was 95%. Properties of the imide 
20 copolymer were determined as described hereinafter. 

Thermal decomposition temperature was measured by using 
a TGA (Thermogravimetric J^lysis) . Thermal decomposition 
temperature of a sairple was defined as the temperature at 
which point the weight of the sample was 90% of the initial 
25 weight of the sait¥)le, when the sample was heated at a rate of 
lO'C/min. under nitrogen atmosphere. 

Tensile strength was measured by injection-molding a 
No.l type sample according to the tensile strength test under 
KS M 3006. Five samples were made for performing one 
30 experiment, and five measured values were averaged. 
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IZOD iitpact strength was measured according to the ASTM 
D 256 method, wherein five samples were made for performing 
one experiment, and five measured values were averaged. 

Light transmittance was measured on a press-molded 
5 sample having a thickness of 3 mm by using an UV 
spectrometric analyzer at 630 nm. The results are shown in 
Table 1. 

EXfiMPLE 2 

Styrene/maleic anhydride copolymer having a weight 
10 average molecular weight of 180,000, maleic anhydride content 
of 14 wt%, a molecular weight distribution of 2.5 and a glass 
transition temperature (Tg) of 135°C was continuously supplied 
to a feeding inlet of a co-directional intermeshing twin 
screw extruder at the rate of 2 kg/h. Then, aniline as an 
15 imidizing agent was introduced into an barrel inlet of a 
blending zone in a ratio of 1.2 moles per mole of maleic 
anhydride. Screws were confined so as to set the barrel 
temperature and pressure in the blending zone to 200°C and 
1300 psi, respectively. Then, carbon dioxide was continuously 
20 introduced into a barrel inlet of the blending zone 
simultaneously with introducing aniline. Particularly, 
dispensing pressure of a pump for introducing aniline was 
1200 psi, and carbon dioxide was introduced by using a 
syringe punp under 4,000 psi in the amount of 15 wt% of the 
25 resin. Screw rotation speed was 250 rpm. Additionally, the 
temperature in a zone next to the blending zone was increased 
to 300°C in order to perform thermal imidization as completely 
as possible. Further, unreacted aniline, moistures produced 
from the imidization and other by-products having a low 
molecular weight were removed from a vent of the barrel 
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equipped with a depressxirization device. Molten resins were 
extruded from a nozzle in the form of a strand, cooled in a 
water bath, cut by a cutter and then pelletized. Quantitative 
elemental analysis of the resultant styrene/maleimide 
copolymer showed that the imidization ratio was 96%. 
Properties of the imide copolymer are shown in Table 1. 
Ebtample 3 

Example 2 was repeated to obtain styrene/maleiitiide 
copolymer, except that styrene/maleic anhydride having a 
weight average molecular weight of 180,000 and maleic 
anhydride content of 30 wt%. The imidization ratio was 95%. 
Properties of the imide copolymer are shown in Table 1. 
Example 4 

Example 3 was repeated to obtain styrene/maleimide 
15 copolymer, except that cycloamine was used as an imidizing 
agent. The imidization ratio was 97%. Properties of the imide 
copolymer are shown in Table 1. 
Ccanparative Elxample 1 

Example 1 was repeated to obtain styrene/maleimide 
copolymer, except that screw combinations in the blending 
zone were modified to set a pressure to 500 psi or less so 
that isoprene amine might not exist in a supercritical state 
in the blending zone. The imidization ratio was 89%. 
Comparative Example 2 

Example 2 was repeated to obtain styrene/maleimide 
copolymer, except that supercritical carbon dioxide was not 
used and the temperature in the blending zone was changed to 
240''C. The imidization ratio was 92%. Properties of the imide 
copolymer are shown in Table 1. 
30 Comparative Example 3 
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Exanple 3 was repeated to obtain styrene/maieimide 
copolymer, except that supercritical carbon dioxide was not 
used and the temperature in the blending zone was changed to 
240'*C. The imidization ratio was 91%. Properties of the imide 
5 copolymer are shown in Table 1. 

Comparative Example 4 

Example 4 was repeated to obtain styrene/maieimide 
copolymer, except that supercritical carbon dioxide was not 
used and the temperature in the blending zone was changed to 
10 240°C. The imidization ratio was 90%. Properties of the imide 
copolymer are shown in Table 1. 



[Table 1] 





E:xaii^>le 


Comparative Example 


1 


2 


3 


4 


1 


2 


3 


4 


Imidization ratio ^' 


95 


96 


95 


97 


89 


92 


91 


90 


Molecular weight (x 10") ^' 


17.2 


17.4 


16.9 


17.3 


17.4 


17.2 


16,6 


17.0 


Molecular weight distribution 

2) 


2.7 


2.8 


3.0 


2.7 


2.9 


3.1 


3.2 


3.1 


Glass transition tenperature 


130 


155 


160 


162 


126 


150 


155 


156 


Thermal decatrpositicxi 
teaonperature {°C) 


370 


390 


397 


396 


350 


377 


393 


392 


Tensile strength (Kg/cm^) 


500 


486 


480 


450 


490 


483 


474 


442 


I20D impact strength 
(BOg-cm/cm) 


7.9 


7.5 


7.1 


6.5 


7,1 


6.8 


6.3 


5.9 


Light transniittance 

1» >^ , ^ — z ; — 


92 


91 


89 


90 


84 


82 


80 


86 



Measured by IR spectrophotometer. 



Polystyrene standard sample was used. Measured by Gel Pemeation 
Chromatography . 

Tenperature at which point 90% of a san^le is present. 
^* Press molded saxcple having a thickness of 3 mm was used. Measured at 630 nm. 



As shown in Table Ir copolymers of styrene and 
15 maleimide obtained by using an imidizing agent in a 
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supercritical state or supercritical carbon dioxide according 
to the present invention showed an improved imidization ratio 
and provided excellent properties including an increased 
light transmittance, cortpared to copolymers of styrene and 
5 maleimide according to Coirparative Examples. Additionally, 
when a supercritical fluid was not used^. viscosity of 
copolymer charges was too high in a blending zone, and thus 
compatibility of copolymer charges with an imidizing agent 
was poor and imidization could not occur uniformly. 

10 

Indusi:rlal i^>pl±cability 

As can be seen from the foregoing, the method for 
imidization-extrusion of copolymers of styrene and maleic 
anhydride using a supercritical fluid according to the 

15 present invention performs extrusion at a lower temperature 
compared to a conventional method for imidization-extrusion 
of copolymers of styrene and maleic anhydride. Therefore, the 
method according to the present invention can prevent thermal 
decomposition of polymers, perform imidization uniformly, 

20 prevent reverse imidization and remove residual amines and 
by-products with ease, and thus can provide copolymers of 
styrene and maleimide having excellent optical properties, 
thermal properties and mechanical properties. 

While this invention has been described in connection 

25 with what is presently considered to be the most practical 
and preferred embodiment, it is to be understood that the 
invention is not limited to the disclosed embodiment, but, on 
the contrary, it is intended to cover various modifications 
and variations within the spirit and scope of the appended 

30 claims. 
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Cladms 

1. A method for preparing copolymers of styrene and 
maleimide, comprising the steps of: 

(i) blending copolymers of styrene and maleic anhydride 
5 with an imidizing agent in a supercritical state; and 

(ii) removing residual amines and by-products. 

2. A method for preparing copolymers of styrene and 
maleimide, comprising the steps of: 

10 (i) blending copolymers of styrene and maleic anhydride 

with an imidizing agent and supercritical carbon dioxide; and 
(ii) removing residual amines and by-products . 

3. A method for preparing copolymers of styrene and 
15 maleimide, comprising the steps of: 

(i) blending copolymers of styrene and maleic anhydride 
with an jLnd.dizing agent in a supercritical state and 
supercritical carbon dioxide; and 

(ii) removing residual amines and by-products. 

20 

4 - The method according to any one of claims 1 to 3 , 
wherein the copolymers of styrene and maleic anhydride used 
in step (i) comprise 5-50 wt% of maleic anhydride monomer and 
95-50 wt% of styrene monomer^, and have a weight average 
25 molecular weight of 5^000 to 300,000. 

5 . The method according to any one of claims 1 to 3 , 
wherein the imidizing agent is ammonia or primary amines. 

30 6. The method according to claims 1 or 3, wherein the 
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imidizing agent in a supercritical state is obtained by 
introducing the imidizing agent into a blending zone having 
conditions under which the imidizing agent transforras into a 
supercritical state, in step (i) . 

5 

7. The method according to claim 6, wherein the 
imidizing agent is introduced under a pressure of 700 psi to 
2,000 psi. 

10 8. The method according to claim 2 or 3, wherein the 

supercritical carbon dioxide is obtained by introducing 
carbon dioxide into a blending zone having conditions under 
which carbon dioxide transforms into a supercritical state, 
in step (i) . 

15 

9. The method according to claim 8, wherein carbon 
dioxide is introduced under a pressure ranged from 2,000 psi 
to 7, 000 psi. 

20 10. The method according to any one of claims 1 to 3, 

wherein the imidizing agent is used in the amount of 0.8 to 2 
moles per mole of maleic anhydride in the copolymers of 
styrene and maleic anhydride,, in step (i) . 

25 11. The method according to any one of claims 1 to 3, 

wherein the pressure in the blending zone is 700 psi to 2,000 
psi and the temperature in the blending zone is 150°C to 
320°C, in step (i) . 

30 12. The method according to any one of claims 1 to 3, 
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wherein the temperature is set to 300°C to 320°C after 
carrying out step (i) . 

13. The method according to any one of claims 1 to 3, 
5 wherein step (ii) is carried out by using a depressurization 
device . 
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